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A versatile set. of cloning and expression vectors has tan developed for application in self-cloning and other 
genetic modifications of toetovvecus lactix. The expression vectors were equipped with (he controlled and strong 
lacA promoter of the laelocnceal lactose operon. In addition, the transcriptional terminator of the aniinopep- 
tidase N gum*, pepN, was inserted, which in some easts increased the genetic stabilities of I he vectors and the 
cloned DN'A. The small, 0-3-kh lacF gene encoding the soluble carrier enzyme HA 1 * -c was used as a dominant 
selection marker in the plasmid-free lactis strain NZ3000 earn ing an tnTrame deletion of the chromosomal 
lacf gene. Uictose-utili/ing trans form ants were easily selected on lactose indicator plates at high frequencies 
and showed a copy number of approximately SO plasmids per celt All vectors were stably maintained in the lacF 
strain N/3000 when grown on lactose, and only the high-level expression vectors showed some instability when 
their host was grown on glucose-containing medium. The application potentials of the expression vectors 
carrying the lacF marker were determined by cloning of the promoterless Escherichia ail i gas A reporter gene 
under control of the lavA promoter followed by analysis of its expression. While in one of the vectors this 
result ed in a promoter-down mutation in the — 10 region of the tacA promoter, in other vectors high-level and 
controlled expression of the gusA gene was observed. 



The development of a wide variety of cloning systems has 
allowed the improvement of many properties of Laciococats 
(net is strains that are essential for a large number of industrial 
dairy and other food fermentations (.10, 15), 'Hiose genetically 
improved Incioeocci and their products have great potential to 
be used in the food industry. However, the production strains 
used should be devoid of any antibiotic resistance markers that 
conk! compromise their applications in foods. As a conse- 
quence, vectors should contain selection markers thai are ac- 
ceptable in the food industry, and these are described here as 
food grade. Various food-grade systems have previously been 
proposed for Laaococcus spp. Some of these were based on 
homologous marker genes, such as the nisin resistance deter- 
minant nsr (14), while a heterologous system based on the 
sucrose utilization genes of Pediococcus penwsactus has been 
designed (16). However, the application of these systems is 
limited to the cloning of a Iactocoecal bacteriophage resistance 
gene by using the nsr marker gene (14). The com pie me mat too 
of auxotrophic muumis is another approach to develop homol- 
ogous markers that may allow for simple and dominant selec- 
tion. Such a complementation system, based on nonsense sup- 
pressors of mutations in the Iactocoecal purine hiosynthetie 
pathway, has recently been developed (12). while, a marker 
system based on the L lactis ihymidylate synthase gene, thyA, 
has been proposed but not evaluated because of a lack of the 
appropriate mutants (1.9). The detailed characterization of the 
/.. lactix lac operon encoding the lactose phosphotransferase 
system and tagaiose-o-phosphate pathway (7> 8, 25, 26) has 
provided the possibility of developing a dominant homologous 
marker based on lactose complementation ((>). The two ele- 
ments of this system included the snKtll,M&3^M^ 
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toffrfttt^te which was expressed by a 

vector-located promoter, and the lactose-deficient L lactis 
strain YP2-5, which contained a mtsseose mutation in the lacf 
gene (7). Evaluation of this first example of a homologous 
selection system for lactic acid bacteria showed its advantages, 
which included simple selection with lactose indicator plates 
and high stability during growth on lactose-containing indus- 
trial media OS), However, in order to fully exploit this marker 
system, there has been a need to obtain a series of useful 
cloning and expression vectors. Here we describe the develop- 
ment and application of stable and versatile vectors based on 
the high-copy- number endogenous lactis pSH71 repiicon, 
the lacF sc lection marker, and the lactose- inducible hcA pro- 
moter. 

.MATERIALS AN D METHODS 

Hacitrial strains, m«Ii», iiiut pinsmids. Urci,, hab; strains ami pbsismls u.^d 
in (his Mudy arc Ns;i:d in Titbk 1 L EstfwticHki wti MCiOnt w-cis gnwvti m i..wia 
hmtij {2(i} jit *VC t , } AKUxtxxsts strains were rominely grows w\ yCfV. m Mt7 
bjvih |t>iU'o Ujhun* lories. Demsh, Mkk.) {23 h<<uppk'j nailed with n,s<>; ; i^to^e 
or giwosc. The (ihiiity to fruwnt Lku.m: was ivsied on hulfeu(t*r on 
fiiiilxr hroih (13) coMaittutg 0.t*M'< hmmftcresnl porple and o'ss*? iaeioscr. 
HSstodiemkal sacenim; Uu ■ $txA~\x)shWi\ uk>!»es was rvrlortturd vm!j S-hrtimt*- 
4-c'Ji)or*>- t Vtrttkjlyt-p-it.g3tifurT>ni<ic (X'CTkn-) (Ucvcaich Or^artfCs Inc., ilk'^c* 
bmi, Ohio) ;ii ;t itnal c«Mu^tj|r;nir.ii «f'0,5 inM. Chitirmnphciiieol (Mi (iiy'nil) ;ttu! 
Jimpieilltn < 100 ^g'mh %vre »%cd when apprnpriiUc. 

Mol(xt)|jir clontnji, rt-Jt^nts, ai«t tnzvntvs. l a Jiis:nii.i i)KA was i&nfau:*! iamt K 
rati hy using ihc alfculinc iysis mcihoiJ (i). Pi;i«niil ON A from tttctis wj> 
isnliitw! tn- u mintilk-itHtn oi th;i prtKi-Unnr {8). am! lota! 1 )NA nf /, b<w was 
isolated us JcurilKHl prcvitMjsty rUi). I1usmi<j t>NA was itansforfiice inio 1^ 
hniis hy ilic nwthud of Wells cut I, (Z% Alt uihvr cKminy prtn-cthu^ .itiiI K rati 
niiiiiipuljiihtn> were parlormcd its d^vt-fitH:*! previously (2i\). Un/ymvs wec-u pur- 
ttiiistd from fkthc^iu i<c.H"arcb l.a!vir^i<ifiv* iGimhcrshuri;. Mil,), Nuw ilt> 
^l;»ui hkiUt)<( Jnc flicvv.rly, Mjiw.;, ur |*»Bdn'n^r ChnhM {ManiihcirM. <h>r- 
many) ;md «scd aavriiing in xhc tustrticiions i>t tlk- iiiiimifjit-ntrttrs. 
Oljg<ii»iK*ltx>(ia<;s vrcrc symhoMAMi tin ;t C^lnttu )>NA ^yntlicsivcr (Mtosc^rch, 
Sid) K:if;icl. Calif'.), /Mnf*NHrt<|ijMriryl-0-j>-£iut:i]n)nic itvid w».s nht^ttncd Ir^m 
Clnnc.Iit:h bit\ inc. (hilu AIjo. OtHt.}. 

'11k ;fSs:jy of 3-j!lu;iin»iidu«: mtiviiy n> dVlcrmific tlti; pumiislcr Mrcngih hi 
tin; iwprtfSsidn vectors with %ux;i gene was us pwvinnsfy iic^'rilKd t tHK 
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'1'ABLJ* i. Strains muJ plasmids used 



Siniin w phiMntd 



UclcvuiM feature* 



Reference or stmrtx* 



U toctis MG52<)1 

L hens NZ3000 

/;. coii MCI061 

pUC!9 

pUC-T 

pN2l24 

pNZ272 

pNZM25 

pNZttXN 

pNZ2ifll 

pNZ2I02 

PNZ2103 

pNZ2HM 
pNZ2105 

PNZ2106 

pNZ'2107 

pN72l207pNZ2l21 
pNZ2!22/pNZ2I23 

pNZ2i:L6 
pN22M8 
PNZ2U0 



Lac' , plasmid fret;, single chrwmo-sonidl copy of tuc uf>croii 
MacF t derb/cd from MG5267 by replacement recombination 
am O i A9 in cX 74 f>a \ U gu 1 K hsr hsm ' strA 
Ap r ; clonmg vector 

Ap r , T. v?1 , v ; 03-kb MUt \-tH>>x\\\\ peptf terminator fragment joined to pUCl!) Hitn\\\\~$ai\ 

Cm'; pSJ 1 71 'derived faetococcal cloning vector 

Cm r ; gusA promote r- probe vector derived front pNZ124 

U*vF: contains /*y>,V gene 

Cin r ; pG KV2.10 derivative harboring l lit; iucA promoter 

Cm'. T, v ; u\3-kb tfttnWU-Sfttt fxpN terminator fragment from pUOT inserted into A7n/I- 
5ntt-<)igested pNZ.124 

Cm'. 1*^,; 0.5-kb Eca&i-Pstl lac A promoter fragment of pNZ?004 inserted into /avjtl-f'j/l* 
digested pNZ124 

Cm\ P^v*> " 1 ^->,v; 0.5 kb /To?Ki-/ a 5/l rWt premier frrmmem of pNZ3004 inserted into /-V«JI- 

/toMigcsied pNZ2t01 

0.4-kb /VcoI-#»mH] /*rrf fragment oi pNZM25 inserted into t Sa/!-/%M1-digusicd pNZ124 
tevF, 7' N ; (M-kb jV«>j-/ifliHHl lavF fragment of pNZJ:i.25 inserted into ,SVj/l*%n*db;estcd 

pNZ210i 

P^,; 0.4-kb Xco\~Bam\\\ facF fragment of pNZU25 inserted into &f/l-/>yil-dicested 
pNZ2!02 

/«<■/'', P^i- ! r .->,v; 0.4-kb Awl-/A///itMI foe/-' fragment of pNZi!25 inserted into $a'A*ik$\\- 

digested pN*Z2103 
/«(■/■". tV i:fVl ; pNZ2 106 derivative with a multiple cloning site 

IacF, \\ r/V T^. rV ; 0,3'kb Ssrf-Ntkl pepN terminulor fragment of pNZ.2101 inserted into 
pNZ2!20 o/pNZmi 

la cF, f , ' P Y , .c. 1 < -s/i ; 1 .2 - k b / *s f I < / tout 1 1 1 ,e«.vl f r agme n t o f pN Z2 72 insc r Led i n to pN Z2 1 02 
hd\ Vi^i.'lpr^&isA* LZ'kb Pstl'tibtitoU gitsA fragment of pNZ272 inserted tmopNZ2l00 
iacF. P^,,, 'i h tu\->£ tts A; K2 kb PstlHmiWU gtisA fragment of pNZ272 inserted into pNZ2l()7 
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Victor const ructions* The rek-va:tt pntpetbiis of flu: coran-ctui vectors am 
isMed iu Table 1. pUOT was c>>ns!njcieti by ek*ni»g dte :inuna|x:|HK!ase N j.iciie 
(/^■^AO ictmin.-mtr (22) iis » (L*-kb MAil (Mr.uk bhn« with Kk:mw UNA pj>K- 
mei-aseV/li/aitn Irajimeni ia pUCt9 (di^ostci! wuli WmiUl ami Soil. #iih the 
latU'r made Wum wiih Klerww t«ilymerase), ttsing r'v;/j MCHifd as a host. The 
fH'pN tcrniiarUor baganrat w;ts Uu-ii iso'ateU i**; u ,V.'«l'//mdIH fragrnem (ram 
pUC-T and eioned in the |>Sl 171 ha^d «\ior pNZ 124 (IS), whj«li was <lij;e.stc<l 
with A'/iid a at! //imit!). The. resin! inn: va:lnr wa* iiesi|;«ated pNZ2IOI. i-or the 
cnnstntetkia oi ' v%:eiors wtdi U ! t$,h- level artd o>ntruii^d exi^sssum, the L. Usais 
UirA pronviitr w,\\ used '»» tniliale transeripiii .:;», Tltc //.*?v* pmmrstct w;is i<i;!;ued 
irotn ptasinid pNZ3(i!W (24) digested with r.\l\ and /;WjKI. t he /uat<I jtit^ w.js 
mmk btuiii wish KU»fti>w pt>U'mt*r;ihi:, Tlw i'K5-ktt ffagmeni wa* ctf.sited io vceior^ 
pNZt2-i am! pNZ2tf)t digested wiift /V«tl and resuming in pNZ2l(>2 ;md 
pNZ^H?^, res) Kciive.lv., VccKirs pNX^ iOL pN/-2it»2, am! pN7-2IU.* were ctai- 

i'iir the cor.sJrucUiMi t>f iv:ijjt*>i^g;v,3> Vi,'< ! ?ors fr^in pN/2!<M . (>NZ2i02. invd 
pNZ21U3, the ehk>tantphvaieoi aeeiyhnui-ifcra^ yene was deii'icd by a le.stik- 
bun i.li!*ejitii*ii with Satl (ntade bluni wirh Kknow j^dym^rase) and % J i!i as>d 
replaced with *Nc gene. bu>i;ueU a iM»kb cWobft<;j«MI fragment fron> 
piasniid pNZI t'i5 ttlu* A ? r*vl ,sti c w.is niaile blunt). N«.messcsniai rcAlrK titm silts 
were remold i"n jm ptasntid pNZ2Uk». anti a polyHnfcer widi Jtuihtple eUming 
sites wjisdomrd npsifean* t)f (he tucA pmnfcxer. Veeturs pNZ2i2t) mu\ pN'/?t2! 
wei"c cisnsutKaod bi'in pl.tvtntd j>N7^i*k) in Umr sieji** 0) tbc ^niai} A'/wt IV Jig- 
tnont wiiii deleted; (ii) the re.«tit<s^ ptassni<1 wy* dieted w^h iVtadt 5 ishaa 
vMih Kle.aow *>;;yjiuanse. and reiip.ied t<* remuv ; : this site; fiii) the restriction 
MU'MijKtieanj of the hnsi pnmmier were retmnfd by utj fa:v\i\ Kfw\ tii^cmum* 
the emS wvrc lillcii in with Klenw put) nu'ntsc. iukI die vecuir wus reheated; and 
(%v) ttnall), a synthetic amtbic-strandcU IuiVer (5 -Ci'ACiArA<)(.:i'(i( itWK., 

a n uiA(.;i:(.;ajc-Gcn ".cackh^vixkck :iTAccAcrA< *rw and ,v*cr 
a< i .-v\<;*['Ac;iY;crr Acer JOvtXia.Tot .*Af ia:rx*< tfumxi A(.:ot satci :c 

An<..T(TI'*.Vj w;i> et<med in the Ufmjtse .A'/wt \iie, rcssiHtin^ ?n <i mititipie ei^ainj; 
•nile widt unii|Ut! tcstrjetiun siu^ Um !\u\\, lla»t\i\. Sat\ t .Vw«t. /VI, ^?i, 
and ,V/vl, Veetnrs pNZ2122 an<f pNZ2l23. which are dcriviiiKvs of pNX2lt)7, 
vu-fti e*)OSiftjeied by elmtmg the Sm\ Nsk\ Fr:ii;nieni oi pNZ2JDI in the weturN 
pNV.2l2ll and pNX2!'2l dkeMed with the same eavyiney. AH <<f these vectorh 
were eonsirtteted in /~ Units N/JtSXJ, 

'Hk- slnw,*tuicj; of the new plasnuds itaa contained cither the chtuMtaphenicni 
resistance uew or the fee/' gene as marker are summariA:U in Fig. 1 and were 
w 'rified bysMJ^fc: and dnnhle resinetkm cnAine digestions, wtjitc the tnientalitnu 
;hhI staple nves uf thy }>dylud;c(s eurr\-in^ the multiple ebimiy >ne* wac veOSiul 
by ntK'fiNiiide si'ipience <»iialy>i^ 

Tti test the sippiieatton f)tiicntuls of tht* vectnrs pN/^2 1 02. pNZ2IOa. ami 
pN/'21fl? v liiey digested hy /V/J ntui ///mill I nnd u.wd i<> chute the E ;.<>?j 



^i.vt gene, which wuis isolated frtnti pN/,2V2 as u /^U-/^ftUlli iVa^ntetH {IS}, 
//wf/jr NZ3&H! the is».^eaic strain MC»52n7 was nst'd a* the hust with li^union 
njist nres from e it her pNZ2 1 06 and pxZ2 1 v'l m pN/,2 1 ! il, iv * jhvi iVcly. 

iH'terniiuatiim nf {ihismid eopy iiimdMT per etirumnvnntt:. Total t)N'A was 
digested with XluA, separated by aganxc jiu; I elect nipiwra is. iransf'errcd to n 
nitnveliuMisii mend>ranc. and hvUk\bcd with a j y* ■-t'j.dATI'.end-lahLnesI ^.<'/ : 
pr<stw (5vrrAAri'ACrmXTari'CrnATCACvV), The hybrldizimi I5KA 
fragments cnrres^.»iidini; io the e!tfoaiv^nn:d ;i»d pla^r ( id'eno.>tted ^enes 
weiv. isolated r m<i xhc radioactivity w<\<. detoiwiined Uy using a liquid settniilatit m 
ennntcr (l^>?5(Kj; IU;ek«nan iimrutmcms tne., Vnki Ainn Citif.). The r^iio be- 
tween the radioaclivtiy <^i:tincd from the pia«ntd*IoeaLcd kef gene and thin 
(>ht;ii(aul fmiii the single chrnna.t>.;.»mal eojw <;f hurl' fines the copy number, 

Nudemide .«ct|»tnc« analysis 'fhe mideofide sapieiKcs «f die jxdylinkers in 
pNZ2l W in ui pN/'21 1 1 und the ktcA promoters tu teeters pNX.2i'tn.'pN/;21 tK, 
and pNZ2t V) wz re deter irimad In ihe dtdeoAy-clmin termsnastnti method (21), as 
m^tiited by ihe Auto Road secpumeing kit. and performed on the A.LT, sppa- 
fatus fl'han.naeia fitut^eh, Unilcti Kin^Unn). A ilooresei'tn primer >p*;<ifk for 

the^jvt gene with the seajuestte s^rir;crrit;r.o<:TrriT*rA(;Afi<';ACTi'rA-3" 

wa* iised (3 Si 



RESULTS 

Conslruciion iitul dianu:tenz:itioii of food-^rndt; dimiuu 
and expression vectors. To allow- for the development of vec- 
tors carrying tite for/*" marker, a scries of plasi»ids based on the 
hteiococcal vector pNZ!24 (18) was coiKstrucicd; the plasmitl^ 
hnvt a common core structure consisting of the /„ hats pro- 
miscuous pvSJ-17] rcplican. the chloramphenicol resistance 
gene from the staphylococcal pkesmid pClVd, ;ukI a nuiltiplc 
cloning site (Fig. I). Pbsmkls pS72U\2 and pNZ2i03 were 
equipped with the controllable L hem foe. A promoter (7. 24). 
while pNZ2!0l and pNZ2.l.03 additkinally contain the htais 
pq>N terminator (22) (Table 1). These vectors were designed 
in such a way that a simple replacement cloning step wots Id 
remove the chloramphenicol acetyl! janst'e rase gene and posi- 
tion the promoterless lactococcnl IacF gene under control of 
Hie7/r/?eiprtimnte> r {ia) of the p$\\l\ replicon (big. I). This 
resulted in the cloning vectors pNZ2104 and pN 7.2 105 (Pig. 2) 
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and i he expression vectors pN Z2106 and pNZ2l07, which har- 
bor the hu:A promoter without or with t he pepN term inn tor, 
respectively. The two expression vectors were further improved 
by replacing nonessential restriction sites hy both orientations 
oT a newly designed poly! inker, resulting in the pNZ2.l20/ 
pNZ2l21 and pNZ2122./pNZ2l23, ail of which contain the 
iacA promoter in the same orientation as the npC promoter 
driving expression of the iacf gene (Pig, 2). The lactose-indue- 
ible hcA promoter is known to induced igh-levcl expression of 
downstream cloned genes (24). The construct ton of these vec- 
tors was performed in U tuctis NZ3000 by direct selection for 
acid formation from lactose on lactose indicator agar. All of 
the vectors carrying the focf gene could easily be selected by 
Inclose complementation of L lactis NZ30t)(K indicating that 
I He repC promoter drives. .efficient expression of .the tect>%&m. 
This was also evident from the rapid growth to high densities 
on lactose-containing medium of tuctis NZ3000 harboring 
either one of the vectors (data not shown). 

Application of the new vectors. To evaluate the use of the 
new vectors in gene cloning and controlled expression, the 
promoter! ess & cr>ti ^-glucuronidase ($n$A) gene was cloned 
under control of the hcA promoter. A plasm id with the ex- 
pected size find configuration as determined by restriction en- 
zyme digestion was readily obtained with pNZ2iU2, and the 
presence of this plasmid. designated pNZ2U6, in L Utctis 
MG5276 gave rise to blue colonies on X*Gluc plates. However, 
when the gtisA gene was inserted under control of the focA 
promoter in pNZ2.ll)3 ; which also contained the pepN termi- 
nator, unexpectedly only white transforms uts oi MG5276 were 
obtained on X-Gluc plates. Plasmid DN As were Isolated from 
10 transformants, and their restriction digestion patterns 
showed a similar-sized plasmid that was larger than expected 
and hence not used for further studies. 

The eu^t gene was subsequently inserted into the expression 
vectors pNZ2J06 and pNZ2U)7 and transformed into the lat:F* 
deficient strain NZ300U Uictosc-utilizing transformams were 
readily obtained with plasmid pNZ2!i)7 and gave rise to blue 
colonies on plates containing X-Gluc. All tmnsformants tested 
contained a plasmid with the expected configuration, and one 
of those was designated pNZ2.1ts>. However, cloning of the 
$wA gene in pNZ2l06 resulted in only one blue colony out of 
500 trans forma nts. The plasmid of this blue transformnnt 



showed the expected configuration and was designated 
pNZ2IJS. 

Control ttfgitsA gene expression in Ihe/t/cd expression plas- 
mids. To study the regulation of ihc toe A promoter in the 
dUferejU -con iaini ng plasm ids. the ^-glucuronidase activ- 
ities in lysates of cells grown in glucose or lactose were com- 
pared (Tabic 2). Strain NZ3000 'harboring pNZ2US showed 
the lowest p-glucuronklasc activity and demonstrated no reg- 
ulation (see below). The highest ^-glucuronidase activity was 
observed in L iaais NZ3000 harboring the vector pNZ2ll l >. In 
this strain t he induction of gmA expression upon growth on 
lactose-containing medium is twofold higher than that on glu- 
cose, as was also the case for strain MG5276 harboring 
pNZ2H6. 

Copy number and stability determination. The copy num- 
bers of the new cloning and expression vectors in strain 
NZ3000 were compared (Fig. 3). Vectors pN r Z2105. pNZ2106, 
and pNZ2U)7 have approximately the same copy number, 
whereas plasmids pNZ2104 and pNZ2.HS (overexposing the 
guxA gene), remarkably, showed a higher copy number. In 
contrast, plasmid pNZ2I 19. which also contains the &<sA gene, 
has a copy number in L iacth that is considerably reduced 
compared with those of the other plasmids. The exact plasmid 
copy numbers were determined for the expression vectors 
pNZ2106 and pNZ2i07 and were found to be 46" and 3b copies 
per chromosome, respectively. Although no efforts to specifi- 
cally detect insertion of the -carrying plasmids in the chro- 
mosomal iacf locus were made, no such integral ion was ever 
observed in the Southern bloi analysis during these copy num- 
ber determinations. 

The segregational instabilities of the vectors with or without 
the, cat>1 gene were examined under selective and nonselective 
conditions. Tins was tested by growing strain NZ3000 harbor- 
ing one of the plasmids in M l 7 medium containing 0.5% glu- 
cose or lactose and then plating appropriate dilutions on lac- 
tose indicator plat.es. All lactose- utilizing colonies appeared to 
have retained the plasmid. AN of the vectors were stably main- 
tained for more than 100 generations on lactose-containing 
MI7 medium, and single colonies obtained after this period of 
growth were found to harbor plasmids with the expected size 
and restriction pattern (data not shown). Most of the vectors- 
were also stably maintained when cultured on Ml 7 medium 
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containing glucose {Table 3). However, when grown an gits- 
cosc-M17 t L hah NZ3000 harboring pNZ2i J 8 or pNZ2l06 
showed a slightly reduced stability, while NZ3000 cells harbor- 
ing j>NZ2U9 showed the highest scgregaikmai instability un- 
der these conditions. 

I'hismitl nS'AHlH am tains a regulatory, proiwtier-ttmvn 
mutation in the UtcA -10 region. To determine the origin of 
the variation in £ -glucuronidase expression and to explain the 
ohservation that expression is not regulated in strain NZ3000 



TABLE 2. (M'Jiuctironidasfc! activities 
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41 Expressed at cunomokw per minute per irsiHigram i>f jinttdn. Dalit arc 1«r 
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with /wvtKt, and wpawlctJ by iigamsc etectrupboicsk bine t, pN/2H»4; 
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pNZ2l!'*; time 7, bactcrinphfige x l.)NA dieted with Kit (.marker). 
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TAHLIi 3. Stabilities of the foori-gr;ide vectors 



pNZ2UM ,.„.,„.... > (ix 10 ' 

pNZ2105„ > ,>♦... , t x Hi ' 

pNZ210ii 2 x 10 * 

pNZ2107 , ')x 10 " 

pNZ2!18 3 x 10 - x 

pNZ2! 19 . > I x JO" * 



harboring pNZ2i 18, the nucleotide sequences of the foe/l pro- 
moter in the ewf-comaining plasmids pNZ2H6. pNZ2118. 
and pNZ2J I9 were determined. Both pNZ21I6 and pNZ2119 
contained the bona tide promoter (24). In contrast, the 
ku:A promoter in plasm id pNZ21 18 contained a single muni- 
tion at position —.11. where a T residue was replaced by a C 
residue (Pig, 4). 

DISCUSSION 

To a ! tow for In r t h e r ex p I o initio n of i h e f o od -grade m a rk e r 
system based an the Inctoeoecnl Ave/' complementation system 
( ? ) > Aye. ha ve^eo i M r u ej-eil. a»v a rieiy-A>feeclyi;%|i ha t co m a i r t ed lb e 
/<rc&gene*;i$ a. selective, marker under control of the rcplicon 
promoter -of IheJaeioeoecal p! asmi d \)SH 7Ls I n i rod net io ti of 
these homologous vectors into L hah NZ3090. which con- 
tains an in -frame deletion in the lad* gene, resulted in rapid 
growth and acid formation on lactose-containing medium, al- 
lowing for simple ami etrkicm selection as well as stable ma in- 
to n a nee o f t r a 1 1 sfo r n t a n i $ . 

The utility of the new series of cloning vectors carrying the 
hcF marker was shown by their transformation into expression 
plasm ids that were equipped with the lacA promoter, which is 
known to be involved in efficient and moderately controlled 
transcription initial ion in /,. fact is (24). Moreover, in some 
expression vectors the transcriptional terminator of the lacto- 
coceal/Kyj/V gene was i user led to prevent transcription into the 
pSM73 replication region, which in some cases resulted in. 
increased stabilities of the vector and the cloned DNA, as also 
observed tor streptococcal UNA in E coii (4). Finally, the 
expression vectors wore equipped with a poly linker containing 
multiple unique el o n i n g si i es , all cvw \ ng e asy a ad e 0 \ ci e n t c I o n - 

AM vectors carrying the lad 7 marker showed high segrega- 
tion a I stability in laais NZ30Q0 when grown on iaetose- 
eomaimug medium, as a consequence of the nature of the 
complementation system, This allows for their effective use in 
industrial applications, because many food fermematfams' are 
based on whey-derived media that contain lactose as the sole 
energy source. In addition, no apparent physical alterations 
were observed in the vectors even after prolonged growth on 
lactose-containing medium, indicating that chromosomal inte- 
gration is tm infrequent even! or is not selected for. The region 
of homology between the vectors carrying the lad' marker and 
the chromosome of L hah NZ3000 is less than 0,3 kb. It is has 
been established that the recombination frequency it) L laais 



is inversely related to the size of the region of homology and is 
more than 1,000-fold reduced when t he region of homology is 
reduced from 3 to 0.3 kb (2). Remarkably, many of ihe vectors 
wore also stable on glucose-containing medium. Most probably 
this is a consequence of their high copy numbers, which are 
characteristic of plasm ids based on the pSM71 replieon {SK 10). 
Tlie general applicability of the lactococcal facF complemen- 
tation system has recently been demonstrated by the construc- 
tion of a food -grade vector, designated pFI846, based on the 
pSH71 rc pi icon, which was also stably maintained under lac- 
tose selection (17). However, pFI846 still contained the tran- 
scriptional terminator of pSHTl and hence needed an addi- 
tional promoter to drive expression of the /#eFgene ; limiting 
its application as an expression vector. 

The application potentials of ihe expression vectors 
pNZ'2106 and pNZ2107 have been tested by cloning the, pro- 
moteriess IL cotigusA gene under control of the tacA promoter 
and then analyzing its expression by blue-white colony screen- 
ing of L. Incus ami determining (^glucuronidase activities in 
lysnles (18). These experiments showed the utility of the pcpN 
terminator in pNZ2107, since with this vector the gusA gene 
was readily cloned and expressed, while with pNZ2HJ6, lacking 
this terminator, only a single blue colony was obtained among 
KM) iransfornumts. This suggests that most ligation products 
obtained with pNZ2l06 were structurally unstable. Similar 
structural instability was observed during cloning of the gusA 
gene in the chloramphenicol resistance vector pNZ2l03, illus- 
trating the need for evaluating the application potentials of 
newly constructed vectors. While structural instability "during 
gene cloning in /,. laais and other lactic acid bacteria has not 
been reported frequently (.10), it has been observed in several 
cases, especially when the strong lavA promoter was used on 
high-copy-number plasm ids (11, 18. 24). Therefore, this insta- 
bility was studied in more detail by the characterization of 
pNZ21 18. the plasmid found in the single blue colony obtained 
during the cloning of the gusA gene in pNZ2!06. Sequence 
analysis of the lacA promoter region of pNZ2l US showed it to 
contain a mutation in the kwA promoter that involved the first 

thymidine residue of the TATAAT box (actual position, 1 1), 

which was replaced by a eytosine (Fig. 4), Although a system- 
atic mutation analysis of the laetococcal promoter sequences 
has yet to be reported, this mutation is expected to reduce the 
promoter activity, since the first thymidine of this canonical 
- 10 region is highly conserved in L hiais promoters (10). It is 
possible that the mutated promoter retains some residual 
activity that, in conjunction with ihe high copy number of 
pNZ2lt& is responsible for the low level of gasA expression, 
Alternatively, it is possible that the residual gusA expression of 
pNZ2H8 is due to road-through from the repC promoter* 
which also drives expression of the lad'' gene. The latter pos- 
sibility would also explain why L. laais NZ3000 harboring 
pNZ2l 18 shows constitutive fi-glucuronidnsc production (Ta- 
ble 2). 'However, footprint studies have shown that the LacR 
repressor protects the -31 to w> region of the lacA promoter 
from DNa.se I digestion (26). and hence the mutation at posi- 
tion -Jl may not only affect promoter efficiency but also result 



-35 -10 > 

pNZ2 1 1 6 and pNZ2 1 1 9 A AAAATAGTTGCGTTTTCTTTG AATCTTT G ATATCAT ATAAAC 

pNZ2MS C 

VIC A. I'rojnoit'f rcpmi of Mtc hu;A pt\\n\\itev u\ pNZ21 tf.. pNX2 J 17. ;un\ pNZ21 1«. I he tntiliitlon tbunj ui ps-siikm - i 1 In \he pNZ21 IS pfnntn^r is irtiticiilcd, 
:^ ate iHl; -Al jtml - 10 rygfons ;s;i<t the tssiTjscrtption innbuim .SK»rt (imowiH-^i). 
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in a reduced binding of the UtcR repressor, leading 10 the 

0 1 jso i v e d n on i n d ue i b 1 e p h e noiype. 

The mosi versatile expression vectors carrying ihc lacF 
marker thai were constructed are ihe high~eopy- number, stable 
pi asm id pNZ2'!07 and its polylinkcr-contntning derivatives 
pNZ2122 and pN£2l23, which contain the hcA promoter and 
the pepN terminator. When pNZ2!07 is equipped with the 
gusA gene, such as in pNZ2l!9, and introduced in L. lactis 
NZ30iX), it specifies a high level of ^glucuronidase activity 
that is induced twofold by growth on lacto.se compared with 
growth on glucose. Under full inducing conditions, pNZ2119 
shows a level of £i -glucuronidase activity approximately 10- 
fokMiigher than that encoded by a previously constructed plas- 
mid. pNZ276, consisting of pNZ'l 24 carrying the lucH gene and 
tocA-gttsA promoter fusion (18), This difference can be partly 
explained by the absence in pNZ2IC7 of the IncR repressor 
gene, which when present, such as in pNZ276. is known to 
reduce the efficiency of the lacA promoter hut to increase the 
repression of this promoter in multicopy pi asm ids by prevent- 
ing titration of the chromosomal ly encoded LacR repressor 
(24, 25), However, it cannot be excluded that the high and 
twofold-controlled gtisA expression level is due to additional 
transcriptional read-through from then^C promoter and pos- 
sibly to stabilization of the transcript as a result of the presence 
of the pepN terminal or* 

In tin's work we have described the construction and evalu- 
ation of a stable and convenient iaetococcal food-grade cloning 
and expression system based on hcF complementation. Sev- 
eral of these vectors have been used for the cloning and over* 
expression of Iaetococcal genes in jL lactis (10. 11). The nucle- 
otide sequences of all of i he developed vectors arc known, and 
they consist entirely of U hois DNA, indicating thru they can 
be used for the improvement of lactococci by self*cloning. the 
simplest form of genetic modification that employs only ho- 
mologous DNA and has a distinct regulatory status (10). This 
w i 1 1 allow for the f u rt h e r deve 1 op me n t of laet ococci as aece pt - 
able hosts for the production of proteins, peptides, or metab- 
olites for the food industry, 
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